Chemical context
Co-crystals of the 4-alkoxybenzoic acid-4,4 0 -bipyridyl (2/1) and 4-alkoxybenzoic acid-(E)-1,2-bis(pyridin-4-yl)ethene (2/1) systems show thermotropic liquid crystallinity (Kato et al., 1990 (Kato et al., , 1993 Grunert et al., 1997) . Of these co-crystals, the crystal structures of 4,4 0 -bipyridyl with 4-methoxybenzoic acid (Mukherjee & Desiraju, 2014; Ramon et al., 2014) , 4-ethoxy, 4-(n-propoxy)-and 4-(n-butoxy)benzoic acid (Tabuchi et al., 2015a) , and the crystal structures of (E)-1,2-bis(pyridin-4-yl)ethene with 4-methoxy-, 4-ethoxy-, 4-(n-propoxy)-, 4-(nbutoxy)-, 4-(n-pentyloxy)-and 4-(n-hexyloxy)benzoic acid (Tabuchi et al., 2016a,b) have been reported. In these crystals, the two acids and the base are held together by short intermolecular O-HÁ Á ÁN hydrogen bonds, forming linear 2:1 units of the acid and the base. As an expansion of our work on the structural characterization of hydrogen-bonded co-crystals with organic acid and base molecules, we have prepared 4-methoxybenzoic acid-1,3-bis(pyridin-4-yl)propane (2/1), (I), and biphenyl-4,4 0 -dicarboxylic acid-4-methoxypyridine (1/2), (II), and analyzed the crystal structures.
Structural commentary
The molecular structures of (I) and (II) are shown in Figs. 1 and 2, respectively. The asymmetric unit of (I) consists of two crystallographically independent 4-methoxybenzoic acid molecules and one 1,3-bis(pyridin-4-yl) propane molecule. The acid and base molecules are held together via short O-HÁ Á ÁN/N-HÁ Á ÁO hydrogen bonds between the carboxyl O ISSN 2056-9890 and pyridine N atoms (Table 1) , forming a 2:1 unit. In the hydrogen bonds, the H atoms are disordered over O-and Natom sites, with occupancy ratios of 0.67 (3):0.33 (3) between atoms O1 and N1, and 0.74 (3):0.26 (3) between atoms O4 and N2. The O1/C7/O2 and N1/C17-C21 planes in one hydrogenbonded unit are approximately perpendicular to each other, with a dihedral angle of 85.97 (13) . On the other hand, the O4/C15/O5 and N2/C22-C26 planes in the other hydrogenbonded unit are approximately planar, with a dihedral angle of 10.18 (14) , and a weak C-HÁ Á ÁO hydrogen bond (C26-H26Á Á ÁO5) is observed in the hydrogen-bonded unit. The dihedral angles between the pyridine N1/C17-C21 and N2/ C22-C26 rings, between the benzene C1-C6 and pyridine N1/ C17-C21 planes, and between the benzene C9-C14 and pyridine N2/C22-C26 planes are 8.68 (6), 72.93 (6) and 9.05 (6) , respectively.
The asymmetric unit of (II) is composed of one biphenyl-4,4 0 -dicarboxylic acid molecule and two crystallographically independent 4-methoxypyridine molecules, and the acid and the two bases are held together by short O-HÁ Á ÁN/N-HÁ Á ÁO hydrogen bonds (Table 2) , forming a linear 1:2 aggregate with pseudo-inversion symmetry. Similar to compound (I), the H atoms in the hydrogen bonds are disordered over two sites, with occupancy ratios of 0.68 (3):0.32 (3) between atoms O1 and N1, and 0.75 (3):0.25 (3) between atoms O3 and N2. The hydrogen-bonded 1:2 unit is approximately planar and weak C-HÁ Á ÁO hydrogen bonds (C19-H19Á Á ÁO2 and C25-H25Á Á ÁO4) are observed. The dihedral angle between the benzene rings of the biphenyl-4,4 0 -dicarboxylic acid is 3. 87 (5) . The N1/C15-C19 pyridine ring makes dihedral angles of 5.62 (12) and 2. 55 (5) , respectively, with the O1/C7/ O2 and C1-C6 planes. The N2/C21-C25 pyridine ring makes dihedral angles of 6.84 (12) and 9.50 (5)
, respectively, with the O3/C14/O4 and C8-C13 planes. Table 1 Hydrogen-bond geometry (Å , ) for (I).
Cg2, Cg3 and Cg4 are the centroids of the N2/C22-C26, C1-C6 and C9-C14 rings, respectively. 
Figure 1
The molecular structure of compound (I), showing the atom-numbering scheme. Displacement ellipsoids of non-H atoms are drawn at the 50% probability level and H atoms are drawn as circles of arbitrary size.
Figure 2
The molecular structure of compound (II), showing the atom-numbering scheme. Displacement ellipsoids of non-H atoms are drawn at the 50% probability level and H atoms are drawn as circles of arbitrary size.
Supramolecular features
In the crystal of (I), the 2:1 units are linked by a pair of C-HÁ Á Á interactions (C5-H5Á Á ÁCg2 v ; Cg2 in the centroid of the pyridine N2/C22-C26 ring; symmetry code as given in Table 1) , and a -interaction [Cg1Á Á ÁCg1 v = 3.6588 (16) Å ; Cg1 is the centroid of the pyridine N1/C17-C21 ring], forming an inversion dimer. The dimers are linked via C-HÁ Á ÁO interactions (C17-H17Á Á ÁO6 i ; Table 1 ) into a tape structure running along [101] (Fig. 3) . The tapes running along the same direction are further linked via the rest of the C-HÁ Á ÁO and C-HÁ Á Á interactions (Table 1) , forming a three-dimensional network (Fig. 4) .
In the crystal of (II), the 1:2 units are linked by a C-HÁ Á ÁO interaction (C20-H20AÁ Á ÁO6
ii ; symmetry code as given in Table 2 ) into a chain structure along [101] . Ajacent chains, which are related by an inversion centre, are further linked via -interactions between pyridine N2/C21-C25 rings [centroid-centroid distance = 3.8113 (13) Å ] and between the benzene C1-C6 and pyridine N1/C15-C19 rings [centroidcentroid distance = 3.6613 (12) Å ], forming a double-chain structure (Fig. 5 ). Weak C-HÁ Á ÁO and C-HÁ Á Á interactions are observed between the double chains ( Hydrogen-bond geometry (Å , ) for (II).
Cg2 and Cg4 are the centroids of the C8-C13 and N2/C21-C25 rings, respectively. 
Database survey
The crystal structures of co-crystals similar to compound (I), namely 4-methoxybenzoic acid-1,2-bis(pyridin-4-yl)ethane (2/1) (Mukherjee & Desiraju, 2014) , 4-ethoxybenzoic acid-1,2-bis(pyridin-4-yl)ethane (2/1), 4-(n-propoxy)benzoic acidbis(pyridin-4-yl)ethane (2/1) and 4-(n-butoxy)benzoic acid-1,2-bis(pyridin-4-yl)ethane (2/1) (Tabuchi et al., 2015b) have been reported. These compounds also show thermotropic liquid crystallinity (Tabuchi et al., 2015b) . A search of the Cambridge Structural Database (CSD, Version 5.38, last update February 2017; Groom et al., 2016) for organic cocrystals or salts similar to compound (II), namely 4,4 0 -biphenyldicarboxylic acid with pyridine derivatives, gave three structures, with CSD refcodes ATOJEZ (Gong et al., 2011) , BIKFUX (Cruz et al., 2004) and MAZYUI (Du et al., 2006 Computer programs: RAPID-AUTO (Rigaku, 2006) , Il Milione (Burla et al., 2007) , SHELXL2014 (Sheldrick, 2015) , ORTEP-3 for Windows (Farrugia, 2012) , CrystalStructure (Rigaku, 2010) and PLATON (Spek, 2009 ). 
Synthesis and crystallization
Single crystals of compound (I) were obtained by slow evaporation from an ethanol solution (200 ml) of 1,3-bis-(pyridin-4-yl)propane (100 mg) with 4-methoxybenzoic acid (155 mg) at room temperature. Crystals of compound (I) were obtained by slow evaporation from a 4-methoxypyridine solution (5 ml) of biphenyl-4,4 0 -dicarboxylic acid (100 mg) at room temperature.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . All H atoms in compounds (I) and (II) were found in difference Fourier maps. The H atoms in both compounds which are involved in the O-HÁ Á ÁN/N-HÁ Á ÁO hydrogen bonds were found to be disordered over two positions in difference Fourier maps. The positional parameters and the occupancy factors were refined with bondlength restraints of O-H = 0.84 (2) Å and N-H = 0.88 (2) Å , and with U iso (H) = 1.5U eq (O,N). Other H atoms were positioned geometrically (C-H = 0.95-0.99 Å ) and were treated as riding, with U iso (H) = 1.2U eq (C) or 1.5U eq (methyl C). For compound (I), six reflections were omitted in the final refinement owing to poor agreement between the measured and calculated intensities. For both structures, data collection: RAPID-AUTO (Rigaku, 2006 ); cell refinement: RAPID-AUTO (Rigaku, 2006) ; data reduction: RAPID-AUTO (Rigaku, 2006 ); program(s) used to solve structure: Il Milione (Burla et al., 2007); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) ; software used to prepare material for publication: CrystalStructure (Rigaku, 2010) and PLATON (Spek, 2009 ).
4-Methoxybenzoic acid-1,3-bis(pyridin-4-yl)propane (2/1) (I)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Reflections were merged by SHELXL according to the crystal class for the calculation of statistics and refinement. _reflns_Friedel_fraction is defined as the number of unique Friedel pairs measured divided by the number that would be possible theoretically, ignoring centric projections and systematic absences. Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Reflections were merged by SHELXL according to the crystal class for the calculation of statistics and refinement. _reflns_Friedel_fraction is defined as the number of unique Friedel pairs measured divided by the number that would be possible theoretically, ignoring centric projections and systematic absences. Symmetry codes: (i) x, −y+1/2, z−1/2; (ii) x−1, y, z+1; (iii) −x+2, −y, −z; (iv) −x+2, y+1/2, −z+1/2.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

